The oak decline is probably the most severe plant health problem faced in the Mediterranean region which is one of the habitats of community interest under the EU's environmental legal regime. More information on the role of Cerambycids species in this decay is still needed. This paper reports the apparent survival rate (Phi) and recapture rate (P) for a population of Cerambyx welensii Küster (Coleoptera cerambycidae) in a highly degraded cork oak grove near the Doñana National Park (Huelva, Spain) as calculated using the mark-capture-recapture method. High and constants in the time values of apparent survival rates for males and females are detected. The male overall recapture rate (P) exceeded that of the female group with relatively low, but significant, values. The presence of transient individuals suggests a nucleus of population with many immigrants and emigrants in the study plot. The results are used to discuss various aspects of the insect biology, and the potential effect of the gradual deterioration of the studied ecosystem on the insect population it supports.
Introduction
Cork oak (Quercus suber Linnaeus, 1753) forests constitute one of the habitats of community interest under the EU's environmental legal regime [1] , which compels the member states to take effective steps towards their protection. These forest formations have for centuries been exploited for ─mainly─ cork and structured as open woodland forests locally called "dehesas" in order to facilitate their use for agronomic and/or gaming purposes. The present decline in Quercus woodlands (oak decline) is probably the most severe plant health problem faced in the Mediterranean region as it threatens to extinguish such representative, potential highly productive ecosystems [2, 3] . This degradation process is the result of a wide variety of abiotic (rainfall distribution, edaphic characteristics) and biotic factors (pathogenic fungi and bacteria, insects). There are a lot of insects implied in the decay process (triggering and/or worsening it), of which foliage-feeding insects Lymantria dispar Linnaeus, (1758) and Tortrix viridana Linnaeus, (1758) are the most important [4] . Wood-boring insects are mainly Platipus cilindrus Fabricius, (1792) [5] , Cerambyx welensii Küster (1846), Cerambyx cerdo Linnaeus (1758) and Prinobius myardi Mulsant (1842) [6] [7] [8] [9] [10] [11] [12] [13] . There is extensive knowledge on the biology and the population dynamics of L. dispar and T. viridana. Several control methods have already been applied in order to reduce the damages caused by them. The presence of P. cyindrus on Quercus forests is very rare and local. In spite of its high pathogen potential, its effects are insignificant.
As far as the big cerambycid species concerned, their effects are known in weakening the structural Mark-recapture estimates of the survival and recapture rates of Cerambyx welensii Küster (Coleoptera cerambycidae) in a cork oak dehesa in Huelva (Spain) resistance and plant health of trees in a lot of Quercus ilex Linnaeus, (1753) and Q. suber masses. Their morphological similarity, semi-voltine character and non-specific damage have caused the indiscriminate management of their populations and estimation of their damage [14, 15] . However, one of the species (C. cerdo) is protected by European laws (Annex IV of the Habitats Directive of 1992, which compels member states to control noxious agents for this type of habitat and actively conserve the populations of protected species).
The original assumption that the action of these cerambycids is usually restricted to old trees in a decaying or poor physiological condition [12, 16] has subsequently been challenged by the observation of young (70 years old) cork oak trees affected by these insects [14, 17] , which suggests that their ability to colonize new hosts may be dictated by factors other than the vigour status of the trees [17] .
Ecologically, cerambycid species are functionally important to forest ecosystems because they influence the structure and composition of forests, and expand the available niches for a number of reptile, bird, mammal and invertebrate species acting as ecosystem engineers [18, 19] .
A number of ecological, economic and conservation reasons exist for predicting population dynamics in these insects. However, most scientific studies on oak decline ("la seca") have so far focused on specific mycological and phytoclimatic characteristics of the stands and little is known as a result about the insect fauna associated to open woodland forest ecosystems (particularly in relation to xylophagous cerambycids).
This paper reports part of the results of a serial study of the phenomena involved in oak decline that is performed within a global project funded by the Environmental Council of the Andalusian regional government. The aim of this work was to increase available knowledge about the population dynamics of C. welensii, which is one of the species involved in the above-described processes. Interpreting the results in terms of the phytosanitary status of the hosts can help establish some reference for the development of effective protection and management strategies.
Experimental Procedures

Species
C. welensii is a large insect. The studied males were 4.66 ± 0.45 cm (n= 72) and females 4.99 ± 0.13 cm (n = 64) (personal observations) (Figure 1 ). They also exhibit slight sexual dimorphism. Especially the antenna length exceeds body length in only males. The yearly flight period for adult individuals usually spans from mid May to late July (Figure 2 ). This species exhibits nocturnal and crepuscular habits. Although no accurate knowledge is available in this respect, direct field observations as well as bibliographical references on similar species (f.e. C. cerdo) suggest that they feed on some nutritional substance in the trunk, leaf exudates or canker and also in mature fruits [20, 21] . Tree damage is caused during the larval stage and is associated with the feeding, refuge and pupation habits of the species, which constructs larval galleries in tree trunks and branches ( Figure 3) . Therefore, the species can be included in the "strictly xylophagous" group defined by Hanks (1999) [22] . As larvae grow, their hosting trees become weaker and prone to breaking and decaying. The final size of the larvae is similar to that of C. cerdo (13 -16 mm wide and 60 -70 mm long) [12, 23] . Their semi-voltine cycle requires 3 years to complete a generation. The larvae turn into pupa after summer (august-october) and the adults cross a phase of ripeness remaining inside the tree during the winter and spring (from august-october to May). The main hosts of this species are trees of the genus Quercus (particularly Q. suber and Q. ilex) [24, 25] . Males compete strongly for females by engaging in violent fights that frequently result in amputation of legs and/or antennae. Adults are active fliers when fleeing or moving to a new host (personal field observations). 
Study area
The present study was conducted in a Q. suber plot located in Almonte (Huelva, SW Spain). Although the area is in the vicinity of protected high biodiversity spaces such as the Doñana Natural Park and Doñana National Park, anthropization of the area has resulted in increasing fragmentation of the fairly extensive forest formations of cork oaks, interspersed with holm oaks, over the past fifty years. Also, cropped and urbanized land has grown in parallel, which has considerably reduced the original biodiversity.
The studied plot was located on the "Dehesa boyal" farm, which is largely devoted to cork production but is also used for grazing by a small livestock of ovine cattle. On a yearly basis, the soil is sown with grasses and tilled by complete surface harrowing, therefore the bush layer is virtually absent. Based on the damage repeatedly caused by the machinery used, this tillage method seemingly makes the trees vulnerable to attack by xylophagous cerambycids.
The farm is surrounded by cropped land and the nearest forest formations are more than 600 m away. The studied plot was a rectangular portion located at the beginning of a narrow strip of land that extends to the south of the farm and is bound by a regional road in the north ─a barrier that potentially hinders insect dispersal─ a sunflower (Helianthus annus Linnaeus, 1754) plantation in the east and a fig tree (Ficus carica Linnaeus, 1753) plantation in the West (Figure 4) .
The average monthly temperature for the sampling period in a typical year ranged from 17.9 to 24.8ºC without any precipitation. The plot was 2.8 ha (120 m long and 250 m wide) in size and contained 211 trees (the density was thus 75 trees/ha). The diameters of the trees were distributed as follows: 4.39% were less than 20 cm wide, 83.9% 20-60 cm wide and 11.7% wider than 60 cm.
The trees were markedly damaged. More than twothirds had exit holes typical of drilling insects. Most have been stripped several times to obtain cork, but roughly one third have never been stripped. Trees were last stripped in both the studied plot and those around it in the summer of 2003 (after field work on the studied plot was completed). The use of a deficient cork removal technique has resulted in wounds that have often evolved into cracks in many trees throughout the farm. Other deficient manage ment practices have potentially Mark-recapture estimates of the survival and recapture rates of Cerambyx welensii Küster (Coleoptera cerambycidae) in a cork oak dehesa in Huelva (Spain) facilitated colonization by cerambycids of unhealed wounds in pruned branches, which are present in high proportions in the studied plot.
Mark-recapture study
Field work was performed between 2002 and 2005. The sampling frequency, which was chosen on the assumption that the sampled population was of the open type [26] , was a visit on each second day throughout the adult emergence period (mid May to late July) ( Visits were done during the early nocturnal hours (9.30 pm to 3.00 am), which was the period of highest activity for beetles (personal observation). In each visit, each of the 211 trees in the plot was visually inspected for the presence of insects, which were captured by hand. Captured insects were classified and subsequently marked with a customized colour code that was painted on their prothorax and a number was written with a Paintmaker permanent marker from Pilot (Tokyo, Japan) on their elytra. Though some of the marks were partially getting lost, the double code system allowed reconstructing the original marks. Therefore, there is no evidence for any loss of information. The marking technique used had no observable influence on insect behaviour. Marked insects were released on the trees where they were captured, and each subsequent recapture was recorded.
The total number of insects studied over the four years was 1497, namely: 385 (152 females and 
Analysis of data
Whether a population is of the open or closed type dictates the choice of method for analysing field data and estimating population parameters [27] . Of the many methods available for open populations, we chose to use one that includes living individuals as recaptures only.
The original data was expressed in binary form (i.e. 011001…) where 0 denoted the absence and 1 the presence of a given insect on a specific visit; this is the usual choice for logistic regression in calculating basic population parameters. Analyses were started by checking whether the most general Cormack-JollySeber (CJS) model, Phi(t*g)P(t*g), fitted the field data; to this end, we used a modified version of the programme Release as implemented in Mark 4.0 [28] , and the software U-Care [29] . The overall test consisted of four components that should be non-significant. Each of the four components was sensitive to different factors; this allowed potential deviations from the model to be detected. Specifically, the significance of Test 3.SR suggests the use of models considering a potential influence on age on survival rates [30, 31] . The lack of fit of the general model was quantified by using the variance inflation factor, c-hat (ĉ), which was calculated in four different forms and the most unfavorable response adopted [32] . The procedures involved (a) using the goodness of fit data provided by Release in the form proposed by Burnham et al. (1987) [33] and Lebreton et al. [34] , (ĉ= χ 2 /df); (b) using data provided by U-Care in the previous expression; (c) subjecting the starting data to a Bootstrap resampling procedure as implemented in Mark; and (d) using the median c-hat as proposed by Cooch and White [28] .
The procedure used to calculate the survival and recapture rates involved the following [34] [35] [36] [37] [38] [39] [40] :
(a) A global model compatible with the biology of the species concerned and a sampling design used to assess the fit. We used the above-mentioned CJS model and, included Time Since Marked (TSM) models if Test 3.RS was significant. While structurally, these are "age models", they are used when all marked individuals are adults (with a single individual age), so any heterogeneity in the sample is not due to age, but rather to the time elapsed since marking. In its most general form, the model is represented by the expression Phi[m(m 2 _t/t) f(m 2 _t/t)] P(g) (survival rate as a function of the male (m) and female (f) group, each considered over two sampling intervals (m 2 ) and variable in time; variable recapture between groups.
(b) A selection of the most parsimonious model by applying Akaike's Information Criterion (AIC) or its corrected version (QAICc) for small samples if ĉ suggests inadequate fitting.
(c) An estimation of the maximum likelihood of the model parameters from precision estimators. The final estimates of the parameters were determined according to Seber and Schwarz [41] ; this involved averaging the estimates for statistically equivalent models with an appropriate weighting function.
The recapture and survival rates of male and female individuals as calculated using mark-recapture techniques can check for behavioural hypotheses for this species. Survival likelihood and recapture rate can be calculated by using the Cormack-Jolly-Seber (CJS) model as implemented in the software Mark v. 4.0, which processes capture-mark-recapture data. This method allows parameters to be estimated with a minimal residual deviation [34] . Also, it provides the confidence intervals for the estimates and a solid base to check hypotheses concerning survival likelihood and recapture between groups [42] .
The TSM models were used to calculate the survival rate over the first sampling interval (the transient -individuals that are seen once but never recapturedsurvival rate, Phi 1 ) and for the other intervals (resident survival rate, Phi 2 ). These parameters were processed according to Cooch and White [28] , and Perret et al. [43] , in order to calculate the proportions of transient individuals present in the sample (τ) and the overall population (T).
Results
Fitting of data
The data provided by U-Care suggested the presence of some heterogeneity in the study sample (Table 1) . Specifically, Test 3.SR was significant (α = 0.005) for three of the four studied years (p ≤ 0.02 in 2003, 2004 and 2005) , which indicates the simultaneous presence of resident and transient individuals in the sample. Therefore, the population can be heterogeneous in at least one of the target parameters: the survival likelihood.
Specifically, the heterogeneity appears to be due to the males. Thus, their test was significant for three of the four years; by contrast, the test for the females exhibited no clear-cut trend and was only significant for one year (2004).
Based on ĉ, the data for all four years exhibited a good fit. Irrespective of the method, ĉ was very close to 1 (perfect fitting) and rather different from 3 the acceptable upper limit ( Table 3 shows the models exhibiting the lowest QAICc values and a difference equal to or less than 2.5 in this parameter. A total of 5 models fit the data optimally. None of them involved any changes in the target parameters with time. Also, models resulted in differences between groups (sexes), especially in recapture rate. Classical CJS models proved as effective as the TSM models for all four years. The former expose the presence of transients in the sampled population. Three of the five models assumed the presence of such individuals among males and/or females. Fitting them to the data revealed differences between years (Table 3 ).
Selection of the best model
Survival
Based on the results, each year the survival rate of the resident individuals was constant over time for both females and males. There were, however, some differences between years, and also between the groups (Table 4) . In any case, such differences were insignificant for both males and females. Thus, as can be seen from Figure 5 , the confidence intervals for the survival rates overlapped (see [44] , for a statistical interpretation of this result). The overlap was especially strong among females. By contrast, the males exhibited less marked coincidence (especially in the result for 2003).
The male group exhibited survival rates slightly exceeding those of the female group. The difference, however, was also insignificant. This parameter ranged Table 2 . Variance inflation factor obtained each year using various computation methods.
Mark-recapture estimates of the survival and recapture rates of Cerambyx welensii Küster (Coleoptera cerambycidae) in a cork oak dehesa in Huelva (Spain) 
Transience
Recapture
The recapture rate also remained constant throughout the flight period and it was constant within each group. Therefore, the recapture likelihood of both females and males was independent of their emergence time. Both groups exhibited a slight difference in recapture rate between years. The differences, however, were almost negligible for the male group. The standard errors for the estimates strongly overlapped each other. The differences between years for the female group were similar to those for the male group except in 2004, where both the recapture rate (P = 0.218) and its confidence interval (α= 0.05, 0.074-0.372) departed from those of the other years ( Figure 6 ). The overall recapture rate of the male group exceeded that of the female group. The Table 4 . Mean estimates of the apparent survival rate (Phi) for resident individuals. difference between the two was significant. However, the highest rate found was that for the female group in 2004 (Table 7) .
Discussion
Diurnal temperatures in the Mediterranean region can be extreme and increase the risk of dehydration or reduce food resources such as liquid exudates from trees. However, adult insects avoid these unfavourable effects by restricting most of their activity to the nocturnal hours and taking shelter in holes or hollows during the day. In this way, they mimic the behavioural patterns of saproxylic insects [45] , the life strategy of which adjusts to the environmental stability of their habitat [46] [47] [48] . The combination of a partly cavernous life and nocturnal activity habits additionally reduces the already small number of potential predators even in an environment close to such a highly biodiverse protected natural space as the Doñana National Park and Doñana Natural Park.
The survival rates found during the study can be deemed high, especially if one considers the presence of transient individuals among the population. This was the case with both males and females, and invariably resulted in underestimated survival rates [49] . The survival rates for the female group might be further underestimated by low recapture rates [50] . These results are consistent with the absence of limiting factors, whether endogenous or exogenous, controlling the population via an increased mortality.
The little change in survival rate between years indicates that fluctuations in biotic and abiotic factors Table 7 . Mean estimates of the recapture rate (P).
Mark-recapture estimates of the survival and recapture rates of Cerambyx welensii Küster (Coleoptera cerambycidae) in a cork oak dehesa in Huelva (Spain) in the study area are either small or uninfluential on mortality in the studied population [51, 52] . The greatest environmental oscillations detected during the studied period (personal observations) were those in temperature, especially as regards the time distribution of the maximum values (in the form of an advanced or delayed summer). Such oscillations do seem to affect the emergence cycle of the adults [9, 53] .
The insignificant differences in survival rates between males and females indicates that factors such as weakening from fights between males or additional efforts during laying in females make no mortality differences between the two sexes. The survival rate of some proterandric insects is reduced by the increased effort and risk involved in males waiting for females to emerge in order to copulate. This tendency, which has been preferentially observed in lepidoptera [54] [55] [56] , has also been reported for some cerambycids such as Tetraopes tetraophthalmus Forster (1771) [57] , but no evidence exists of its presence in C. welensii.
Both Under these conditions, the self-improvement obtained by making new holes both adult shelter and eggs lay, as previously observed in xylophagous and saproxylic species [19, 48] , can be near of its limit by the way of the habitat collapse. Whether the present evolutionary pattern of the habitat can by itself destabilize the insect population is unknown. However, the relative constancy of the mortality rate over the studied period suggests that the insects are potentially capable of living on suboptimal resources such as the young trees and moving to more favourable areas.
Under conditions of fragmentation and isolation, the time a habitat takes to reach a residual state leading to the local extinction of an insect species can be as long as a few centuries for some species living on decaying wood [48, 58] . However, the time needed for the gradual deterioration and eventual death of trees to substantially reduce available resources for larvae or even adults of drilling species with larvae developing in living trees can be much shorter. Trees in the study area exhibit fast decay. Thus, they are disappearing by effect of cerambycids breaking trunks and branches at a rate above 0.40 trees/ha*yr (personal observations). In addition to the intrinsic effects of the population dynamics, deficient forestry practices and the withdrawal or in situ burning of large dead branches and trunks are leading to an increased instability of the habitat for drilling insects.
As a result of this situation, the structure of the forest formation can collapse as a habitat within one hundred years if young trees in the plot are not colonized by the insects. If the present mortality rate persists, all currently living trees in the plot can die and the insect population can disappear within the next 180 years. The virtual isolation of the farm reduces the possibility of colonization of nearby vegetation patches and increases the chance of young trees being infested by the insects.
The presence of transient individuals throughout the studied period is suggestive of two different life strategies. A major strategy that involves the resident individuals and a minor but significant strategy involves the transient individuals. The detection of phoresic pseudoscorpions associated with cerambycids is an accurate reflection of the active character of the individuals of these species [59] .
The transience rate of males tended to increase with time. No clear-cut trend could be inferred in females, however, it could not be determined each studied year. There is no biological explanation for this trend except for a potential effect of stripping of the tree cork in 2003 and 2004 on the number of available laying and sheltering sites. Because the characteristics of the trunk are essential elements of the habitat structure, their alteration can be expected to affect male and female movements [60] .
In this respect, studies on Tetraopes tetraophthalmus (Col. Cerambycidae) suggest that a variable abundance of mates and competitors facilitates the rapid development of local mobility in males. By contrast, a stable habitat favours sedentary habits in young females [60] . C. welensii could follow these patterns since and altered environment seemingly compels females to be more active and also males in response.
Based on previous studies such as the one by Prieto et al. [61] , the recapture rate can be used as an indirect indicator of the character of a population. When P > 60%, the population concerned is assumed to be confined (i.e. immigration and emigration are both negligible) and, even if it is of the open type, it behaves as if it were not. Our P values were much lower than 60%, so our population is not confined. Rather, there is continuous exchange of individuals with other portions of the study area.
The mobility of the individuals of this population is also confirmed by their site loyalty, estimated from the survival rate as recommended by some authors [62] . In this context, the term "survival" is replaced with "residency" [60] as no distinction between migration and death is possible in calculating this parameter [63, 64] . The residence time for insects in the studied plot as calculated from the expression -ln (Φ) -1 [40, 42, 55, 60, 65, 66] , was 7 days on average and never exceeded 12 days. Compared to the 48 days of maximal survival derived from the capture-recapture observations during the study, these values can be deemed typical of a moving population.
Males and females markedly differ in recapture rate. Biologically, this confirms a disparate behaviour in the two groups that influences the recapture rate. Thus, one can expect one sex to be more fleeting or exhibit a higher survival rate than the other making its recapture more likely. However, the survival rates for males and females were very similar, which suggests that the latter are markedly fleeting. This is consistent with field observations where females were seen laying their eggs or even copulating in sheltered or hidden places (e.g. trunk cracks, old cerambycid holes).
